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Claims 
Claims 



2. Citations and explanations 

The claimed invention relates to a rotary electric machine of 
alternating current type and intended for direct connection to 
a distribution or transmission network. According to the 
invention, the winding comprises at least one electric 
conductor, a first layer with semiconducting properties 
surrounding the conductor or each conductor, a solid 
insulating layer surrounds the first layer and a second layer 
with semiconducting properties surrounds the insulating layer. 
A brushless excitation system switchable between positive and 
negative excitation is arranged for excitation of the machine. 

The . , 

claimed invention also relates to a machine comprising at 
least one rotary main electric machine of alternating current 
type provided with the winding and the brushless excitation 
system. The claimed invention also relates to a method of 
exciting a rotary electric machine. 

Documents cited in the International Search Report: 

US 4785138 
US 4121148 
US 4106069 
DE 3009102 
US 5036165 

US 4785138 disclose an electric cable for use as a phase 
winding for a linear motor. The cable includes a conductive 
core surrounded by two conducting layers and an intermediate 
insulating layer. Additionally, the outer conductive layer is 
provided with a conductive sheathing. 

* • . / • • » 
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Continuation of: Box V * 

US 4121148, US 4106069 
electrical machines. 



and DE 3009102 disclose brushless 



US 5036165 disclose a cable comprising a conductive core 
surrounded by two semiconducting layers and an intermediate 
insulating layer. Even though it is suggested to apply a 
semiconducting layer to a winding in a dynamo-electric machine 
there is no specific indication of using the disclosed cable 
in a dynamo-electric machine- The semiconducting layer is 
intended to be used on a conventional winding in a machine or 
in a cable. 

The claimed invention differs from the prior art in that a 
rotary electric machine is provided with a cable winding as 
specified and combined with a brushless excitation system, 
switchable between positive and negative excitation. The prior 
art*s use of a cable as a phase winding for linear motors 
would not lead a skilled person to the invention since the 
conditions in rotating machines and linear machines present 
different type of problems. Furthermore, there is no teaching 
in the prior art indicating a possible use in rotating 
machines . 



Accordingly, the claimed invention is novel and is considered 
to involve an inventive step. The invention is industrially 
applicable. 
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AMENDED CLAIMS 

1 . A rotary electric machine of alternating current type designed to be 
connected directly to a distribution or transmission network and comprising at 

5 least one electric winding, characterized in that the winding comprises at least 
one electric conductor, a first layer with semiconducting properties surrounding 
the conductor, a solid insulating layer surrounding the first layer and a second 
layer with semiconducting properties surrounding the insulating layer, and also in 
that a brushless excitation system, switchable between positive and negative ex- 

10 citation, is arranged for excitation of the machine. 

2. A machine as claimed in claim 1 , characterized in that the potential on 
the first layer is substantially equal to the potential on the conductor. 

15 3. A machine as claimed in claim 1 or claim 2, characterized in that the 

second layer is arranged to form a substantially equipotential surface surrounding 
the conductor. 

■ 

4. A machine as claimed in claim 3, characterized in that the second 
20 layer is connected to a predetermined potential. 

5. A machine as claimed in claim 4, characterized in that said predeter- 
mined potential is earth potential. 

25 6. A machine as claimed in any of the preceding claims characterized in 

that at least two adjacent layers of the machine's winding have substantially 
equally large coefficients of thermal expansion. 

7. A machine as claimed in any of the preceding claims characterized in 
30 that the conductor comprises a number of strands, at least some of which are in 

electric contact with each other. 

8. A machine as claimed in any of the preceding claims, characterized in 
that each of said three layers is firmly joined to adjacent layers along substantially 

35 its entire contact surface. 

9. A machine as claimed in any of the preceding claims, characterized in 
that said layers are arranged to adhere to each other even when the insulated 
conductor is bent. 
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10. A machine comprising at least one rotary main electric machine of al- 
ternating current type designed to be connected directly to a distribution or trans- 
mission network and comprising at least one magnetic core and at least one 

5 electric winding, characterized in that the winding is formed from a cable com- 
prising one or more current-carrying conductors, each conductor having a number 
of strands, an inner semiconducting layer arranged around each conductor, an 
insulating layer of solid insulating material arranged around said inner semicon- 
ducting layer, and an outer semiconducting layer arranged around the insulating 
10 layer, and in that a brushless excitation system, switchable between positive and 
negative excitation, is arranged for excitation of the machine. 

11. A machine as claimed in claim 10, characterized in that said cable 
comprises a metal screen or sheath. 

15 

12. A machine as claimed in any of the preceding claims, characterized in 
that the excitation system comprises two controllable antiparallel-connected cur- 
rent converter devices for feeding the field winding (4) of the alternating current 
machine, a two-way field over-voltage protection means (8, 10, 12, 14) or dis- 

20 charge circuit connected across the field winding, and control equipment for con- 
trolling current converters and field over-voltage protection means or discharge 
circuit. 

13. A machine as claimed in claim 12, characterized in that for switching 
25 the direction of the excitation current from the excitation system, the control 

equipment is arranged to change the polarity of the current converters, the control 
equipment causing the over-voltage protection means to be temporarily con- 
nected at transition from one to the other current direction. 

30 14. A machine as claimed in claim 12 or claim 1 3 characterized in that the 

over-voltage protection means or the discharge circuit comprises a two-way thy- 
ristor discharge circuit (8, 10). 

15. A machine as claimed in any of claims 12-14, characterized in that an 
35 activated over-voltage protection means or discharge circuit can be reset by con- 
trol of conducting converter devices (1 , 2) to temporary or pulse-formed change of 
polarity. 



AMENDED SHEET 



I ii »« oweaisn latent Office 
I PCT International Application 



PCT/ SE 9 8 / 0 1 7 4 1 

2 7 -12- 1999 



10 

16. A machine as claimed in any of claims 12-14, characterized in that an 
activated over-voltage protection means or discharge circuit can be reset by 
means of extinguishable semiconductor elements. 

17. An electric power plant, characterized in that it comprises a rotary 
electric machine as claimed in any of claims 1-16. 

18. A method of exciting a rotary electric machine as claimed in any of 
claims 1-16 with both positive and negative excitation current direction, charac- 
terized in that a two-way field over-voltage protection means (8, 10, 12, 14) or a 
two-way discharge circuit is connected temporarily across the field winding (4) of 
the machine when switching between excitation current directions. 
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
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PCT/SE98/01741 



I. Basis of the report 



1 . This report has been drawn on the basis of (Replacement sheets which have been furnished to the receiving Office in response to an invitation 
under Article J 4 are referred to in this report as "originally filed" and are not annexed to the report since they do not contain amendments.): 



| [ the international application as originally filed. 




the description, pages 1—7 



IE! 



the claims, 



pages 
pages 
pages 

Nos. 

Nos. 
Nos. 
Nos. 
Nos. 



1-18 



the drawings, 



sheets/fig 1-3 

sheets/fig 

sheets/fig 

sheets/fig 



, as originally filed, 

, filed with the demand, 
, filed with the letter of 
, filed with the letter of 



, as originally filed, 

, as amended under Article 19, 

, filed with the demand, 

, filed with the letter of 27.12. 1999 

, filed with the letter of 



, as originally filed, 
, filed with the demand 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 
j | the description, pages 

| j the claims, 



Nos. 



| j the drawings, sheets/ fig 



^ I | This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
" ' ' beyond the disclosure as filed, as indicated in the supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessary: 
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PCT/SE998/01741 



V. Resoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 



Novelty (N) 



Claims 
Claims 



Inventive step (IS) 



1-18 



Claims 1-18 
Claims 



YES 
NO 

YES 
NO 



Industrial applicability (1A) Claims 1-18 

Claims 



YES 
NO 



2. Citations and explanations 

The claimed invention relates to a rotary electric machine of 
alternating current type and intended for direct connection to 
a distribution or transmission network. According to the 
invention, the winding comprises at least one electric 
conductor, a first layer with semiconducting properties 
surrounding the conductor or each conductor, a solid 
insulating layer surrounds the first layer and a second layer 
with semiconducting properties surrounds the insulating layer. 
A brushless excitation system switchable between positive and 
negative excitation is arranged for excitation of the machine. 
The 

claimed invention also relates to a machine comprising at 
least one rotary main electric machine of alternating current 
type provided with the winding and the brushless excitation 
system. The claimed invention also relates to a method of 
exciting a rotary electric machine. 

Documents cited in the International Search Report: 

US 4785138 
US 4121148 
US 4106069 
DE 3009102 
US 5036165 

US 4785138 disclose an electric cable for use as a phase 
winding for a linear motor. The cable includes a conductive 
core surrounded by two conducting layers and an intermediate 
insulating layer. Additionally, the outer conductive layer is 
provided with a conductive sheathing. 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 
Continuation of: BOX V. 

US 4121148, US 4106069 and DE 3009102 disclose brushless 
electrical machines . 

US 5036165 disclose a cable comprising a conductive core 
surrounded by two semiconducting layers and an intermediate 
insulating layer. Even though it is suggested to apply a 
semiconducting layer to a winding in a dynamo-electric machine 
there is no specific indication of using the disclosed cable 
in a dynamo-electric machine. The semiconducting layer is 
intended to be used on a conventional winding in a machine or 
in a cable. 

The claimed invention differs from the prior art in that a 
rotary electric machine is provided with a cable winding as 
specified and combined with a brushless excitation system, 
switchable between positive and negative excitation. The prior 
art's use of a cable as a phase winding for linear motors 
would not lead a skilled person to the invention since the 
conditions in rotating machines and linear machines present 
different type of problems. Furthermore, there is no teaching 
in the prior art indicating a possible use in rotating 
machines . 

Accordingly, the claimed invention is novel and is considered 
to involve an inventive step. The invention is industrially 
applicable. 
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WO 99/17432 ~ g PCT/SE98/01741 

CLAIMS 

1 . A rotary electric machine of alternating current type designed to be 
connected directly to a distribution or transmission network and comprising at 

5 least one electric winding, characterized in that the winding comprises at least 
one electric conductor, a first layer with semiconducting properties surrounding 
the conductor, a solid insulating layer surrounding the first layer and a second 
layer with semiconducting properties surrounding the insulating layer, and also in 
that a brushless excitation system, switchable between positive and negative exci- 

10 tation, is arranged for excitation of the machine. 

2. A machine as claimed in claim 1 , characterized in that the potential on 
the first layer is substantially equal to the potential on the conductor. 

15 3. a machine as claimed in claim 1 or claim 2, characterized in that the 

second layer is arranged to form a substantially equipotential surface surrounding 
the conductor. 

4. A machine as claimed in claim 3, characterized in that the second 
20 layer is connected to a predetermined potential. 

5. A machine as claimed in claim 4, characterized in that said predeter- 
mined potential is earth potential. 

25 6. A machine as claimed in any of the preceding claims characterized in 

that at least two adjacent layers of the machine's winding have substantially 
equally large coefficients of thermal expansion. 

7. A machine as claimed in any of the preceding claims characterized in 
30 that the conductor comprises a number of strands, at least some of which are in 

electric contact with each other. 

8. A machine as claimed in any of the preceding claims, characterized in 
that each of said three layers is firmly joined to adjacent layers along substantially 

35 its entire contact surface. 

9. A machine as claimed in any of the preceding claims, characterized in 
that said layers are arranged to adhere to each other even when the insulated 
conductor is bent. 



WO 99/17432 
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10. A machine comprising at least one main electric machine of alternating 
current type designed to be connected directly to a distribution or transmission 
network and comprising at least one magnetic core and at least one electric 

5 winding, characterized in that the winding is formed from a cable comprising one 
or more current-carrying conductors, each conductor having a number of strands, 
an inner semiconducting layer arranged around each conductor, an insulating 
layer of solid insulating material arranged around said inner semiconducting layer, 
and an outer semiconducting layer arranged around the insulating layer, and in 

10 that a brushless excitation system, switchable between positive and negative exci- 
tation, is arranged for excitation of the machine. 

11. A machine as claimed in claim 10, characterized in that said cable 
comprises a metal screen or sheath. 

15 

12. A machine as claimed in any of the preceding claims, characterized in 
that the excitation system comprises two controllable antiparallel-connected cur- 
rent converter devices for feeding the field winding (4) of the alternating current 
machine, a two-way field over-voltage protection means (8, 10, 12, 14) or dis- 

20 charge circuit connected across the field winding, and control equipment for con- 
trolling current converters and field over-voltage protection means or discharge 
circuit. 

13. A machine as claimed in claim 12, characterized in that for switching 
25 the direction of the excitation current from the excitation system, the control 

equipment is arranged to change the polarity of the current converters, the control 
equipment causing the over-voltage protection means to be temporarily con- 
nected at transition from one to the other current direction. 

30 14. A machine as claimed in claim 12 or claim 13 characterized in that the 

over-voltage protection means or the discharge circuit comprises a two-way thyris- 
tor discharge circuit (8, 10). 

15. A machine as claimed in any of claims 12-14, characterized in that an 

35 activated over-voltage protection means or discharge circuit can be reset by con- 
trol of conducting converter devices (1 , 2) to temporary or pulse-formed change of 
polarity. 
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16. A machine as claimed in any of claims 12-14, characterized in that an 

activated over-voltage protection means or discharge circuit can be reset by 
means of extinguishable semiconductor elements. 

5 17. An electric power plant, characterized in that it comprises a rotary 

electric machine as claimed in any of claims 1-16. 

18. A method of exciting a rotary electric machine with both positive and 

negative excitation current direction, characterized in that a two-way field over- 
10 voltage protection means (8, 10, 12, 14) or a two-way discharge circuit is con- 
nected temporarily across the field winding (4) of the machine when switching 
between excitation current directions. 
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ROTERANDE ELEKTRISK MASKIN 



Tekniskt omrade 

FOreliggande uppfinning avser en roterande elektrisk maskin av vaxel- 
stromstyp, avsedd att anslutas direkt till ett distributions- eller transmissionsnat och 
innefattande minst en elektrisk lindning. Uppfinningen avser ocksa en elkraftanlagg- 
ning innefattande en sadan elektrisk maskin samt ett forfarande far magnetisering 
av en roterande elektrisk maskin. 



10 Uppfinningens bakqrund 

Den roterande elektriska maskinen enligt uppfinningen kan vara t.ex. en 
synkronmaskin, dubbelmatad maskin, ytterpolmaskin eller synkronflodesmaskin. 

For att ansluta maskiner av detta slag till distributions- eller transmissions- 
nat, i det feijande gemensamt kallade kraftnat, har hittills transformatorer anvants 
1 5 for upptransformering av spanningen till natniva, dvs. till omradet 1 30 - 400 kV. 

Generatorer med en markspanning av upp till 36 kV ar beskrivna av Paul R. 
Siedler "36 kV Generators Arise from Insulation Research", Electrical World, 5 
October 1932, sid. 524-527. Dessa generatorer innefattar lindningar av hogspan- 
ningskabel, varvid isoleringen ar uppdelad i olika skikt med olika dielektricitetskon- 
2 0 stanter. Det anvanda isoleringsmaterialet bestar av olika kombinationer av de tre 
komponenterna glimmerbladglimmer, lack och papper. 

Det har nu visat sig att, gejiom att framstalla den inledningsvis omvanda 
lindningen hos den elektriska maskinen av en isolerad elektrisk hogspanningsledare 
med en fast isolation av liknande slag som hos kablar for kraftoverforing kan maski- 
2 5 nens spanning hojas till sadana nivaer att maskinen kan direkt anslutas till vilket 
kraftnat som heist utan mellanliggande transformatorer. Typiskt driftsomrade f6r 

dessa maskiner ar 30-800 kV. 

I dagens lage anvands statiska matare eller borstlfisa matare med roter- 
ande diodlikriktarbryggor i roterande elektriska maskiner. Ofta fdrekommande krav 
30 pa magnetiseringsutrustningen ar att den skall kunna producera en toppspanning, 
och toppstrom, som ar 1,5 till 3 ganger sa stor som motsvarande storheter vid 
marklastmagnetisering f6r maskinen i fraga under 10-30 sekunder. Vidare skall 
magnetiseringsutrustningen kunna producera en faltstrom motsvarande marklast- 
magnetiseringsstremmen vid 25 % spanning pa maskinens statoruttag. Magnetise- 
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ringssystemet skall foretradesvis vara "underhallsfritt", dvs. ett magnetiseringssys- 
tem utan slapringar. Vidare skall svars- och insvangningstider vid natstSrningar vara 
snabba, dvs. magnetiseringsutrustningen skall kunna alstra saval positiv som nega- 
tiv faitspanning. For synkronkompensatorer tillkommer normalt att magnetiserings- 
5 systemet skall kunna producera saval positiv som negativ faltstrdm och behov av 
toppspanningsfaktorer stdrre an 3 ganger marklastmagnetiseringsspanningen kan 

forekomma. 

Med borstlosa matare eliminerar man salunda problemen med nedsmuts- 
ning med koldamm fran borstar och slapringar medan borstlosa matare enligt hittills 
kand teknik uppvisar samre reglerprestanda an statiska matare. 

Syftet med fdreliggande uppfinning ar salunda att astadkomma en roteran- 
de elektrisk maskin, som kan anslutas direkt till kraftnat och som ar forsedd med ett 
"underhallsfritt" magnetiseringssystem med forbattrade reglerprestanda, och en el- 
kraftaniaggning innefattande en sadan elektrisk maskin, samt att faresla ett forfar- 
ande fdr magnetisering av en roterande elektrisk maskin. 
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Redoaorelse for uppfinningen 

Detta syfte uppnas med en roterande elektrisk maskin av inledningsvis angivet slag 
med i patentkravet 1 angivna kannetecken, en elkraftaniaggning enligt patentkravet 

20 17 och ett forfarande enligt patentkravet 1 8. 

Den isolerade ledaren eller hogspanningskabeln som anvands vid forelig- 
gande uppfinning ar flexibel och bojiig och av det slag som narmare beskrivs i WO 
97/45919 och WO 97/45847. Ytteriigare beskrivning av den isolerade ledaren eller 
kabeln finns i WO 97/45918, WO 97/45930 och WO 97/45931. 

25 Saledes ar, vid anordningen enligt uppfinningen, lindningarna foretradesvis 

av ett slag motsvarande kablar med fast extruderad isolation som i dag anvands for 
kraftdistribution, t.ex. s.k. PEX-kablar eller kablar med EPR-isolation. En sadan in- 
nefattar en inre ledare sammansatt av en eller flera kardeler, ett ledaren omgivande 
inre halvledande skikt, ett detta omgivande fast isoleringsskikt och ett isoleringsskik- 

30 tet omgivande yttre halvledande skikt. Dylika kablar ar bojliga vilket ar en vasentlig 
egenskap i sammanhanget eftersom tekniken for anordningen enligt uppfinningen i 
forsta hand baserar sig pa ett lindningssystem dar lindningen gdrs med ledningar 
som bojs vid montering. En PEX-kabel har normalt en bojlighet motsvarande en 
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krokningsradie p£ ca 20 cm for en kabel med 30 mm diameter och en krokningsra- 
die pa ca 65 cm f6r en kabel med 80 mm diameter. Med uttrycket bojlig avses i den- 
na ansokan saledes att lindningen ar bojlig ned till en krokningsradie i storleksord- 
ningen 4 ganger kabeldiametern och foretradesvis 8-12 ganger kabeldiametern. 
5 Lindningen bor vara utford sS att den kan bibehSHa sina egenskaper aven 

nar den bojs och nar den under drift utsattes for termiska eller mekaniska pakan- 
ningar. Att skikten bibehSller sin vidhaftning vid varandra ar av stor betydelse i detta 
sammanhang. Avgorande ar har skiktens materialegenskaper, framfor allt deras 
elasticitet och deras relativa varmeutvidgningskoefficienter. For exempelvis en PEX- 

10 kabel 3r det isolerande skiktet av tvarbunden ligdensitetspolyeten och de halvled- 
ande skikten av polyeten med inblandade sot- och metallpartiklar. Volymforandring- 
ar till f6ljd av temperaturforandringar upptas helt som radieforandringar i kabeln och 
tack vare den jamforelsevis ringa skillnaden hos skiktens varmeutvidgingskoefficien- 
ter i forhallande till den elasticitet som dessa material har, sa kommer kabelns ra- 

15 diella expansion att kunna ske utan att skikten lossnar fr£n varandra. 

Ovan angivna materialkombinationer ar endast att ses som exempel. Inom 
uppfinningens ram faller naturligtvis aven andra kombinationer som uppfyller de 
namnda villkoren och uppfyller villkoren att vara halvledande, dvs. med en resistivi- 
tet i omradet 10" 1 - 10 6 ohm-cm, t. ex. 1 - 500 ohm-cm, eller 10 - 200 ohm-cm. 

20 Det isolerande skiktet kan exempelvis utgoras av ett fast termoplastiskt 

material s^som ISgdensitetspolyeten (LDPE), hegdensitetspolyeten (HDPE), po- 
lypropylen (PP), polybutylen (PB^polymetylpenten (PMP), tvarbundna material sa- 
som tvarbunden polyetylen (XLPE eller PEX) eller gummi sasom etylenpropylen- 
gummi (EPR) eller silikongummi. 

25 De inre och yttre halvledande skikterr kan ha samma basmaterial men med 

inblandning av partiklar av ledande material s§som sot eller metallpulver. 

De mekaniska egenskaperna hos dessa material, framffir allt deras varme- 
utvidgningskoefficienter, paverkas ganska ringa av om det ar inblandat med sot el- 
ler metallpulver eller ej, dvs i de proportioner som erfordras f6r att uppnS den enligt 

30 uppfinningen erforderliga ledningsffirmagan. Det isolerande skiktet och de halvle- 
dande skikten fSr damned i stort sett samma varmeutvidgningskoefficienter. 
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For de halvledande skikten kan aven etylenvinyl-acetatsampolymer/nitril- 
gummi, butylymppolyeten, etylen-akrylat-sampolymer och etylenetylakrylat-sam- 

polymer utgora lampliga polymerer. 

Aven da olika slag av material anvandes som bas i respektive skikt ar det 
onskvart att deras varmeutvidgningskoeff.cient ar av samma storleksordning. For 
kombinationen av de ovan uppraknade materialen farhaller det sig p* detta satt. 

De ovan uppraknade materialen har en ganska god elasticitet med en E- 
modul E < 500 MPa, feretradesvis < 200 MPa. Elasticiteten ar tillracklig fdr att 
eventuella smarre awikelser hos varmeutvidgningskoefficienterna for materialen i 
skikten kommer att upptas i radialriktningen av elasticiteten sa att ej sprickor eller 
andra skador uppstar och sa att skikten ej slapper fran varandra. Materialet . sk.kten 
ar elastiska och vidhaftningen mellan skikten av atminstone samma storleksordning 

som i det svagaste av materialen. 

Ledningsformagan hos de bada halvledande skikten ar tillrackligt stor f6r att 
i huvudsak utjamna potentialen langs respektive skikt. Ledningsformagan hos det 
yttre halvledande skiktet ar sa pass stor att det yttre halvledande skiktet har tillrack- 
lig ledningsformaga for att innesiuta det elektriska faltet i kabeln, men samtidigt Irten 
nog att ej ge anledning till signifikanta forluster p g a i skiktets langsriktning induce- 
rade strdmmar. 

Vardera av de bada halvledande skikten utgor saledes vasentligen en ekv.- 
potentialyta och lindningen med dessa skikt kommer att i huvudsak innesiuta det 

elektriska faltet inom sig. 

Det utesluts naturligtvis inte att ytterligare ett eller flera halvledande skikt 

kan vara anordnade i det isolerande skiktet. 

i Genom att forse den elektriska maskinen ifraga med ett borstlost, mellan 

positiv och negativ magnetisering vaxlingsbart magnetiseringssystem far den ett 
••underhallsfritt" system med snabba svars- och insvangningstider vid exempelvs 
natstomingar genom att magnetiseringssystemet kan producera saval positiv som 
negativ faltspanning och darmed positiv och negativ faltstrom. 

0 Enligt en fSrdelaktig utfOringsform av maskinen enligt uppfmningen inne- 

fattar magnetiseringssystemet tva styrbara, antiparallellkopplade stromriktaranord- 
ningar for matning av vaxelstr6msmaskinens faltlindningen, ett dubbelriktat falt- 
overspanningsskydd eller urladdningskrets inkopplad ever faltlindningen samt styr- 
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utrustning for styrning av stromriktare och overspanningsskydd eller urladdnings- 
krets. Detta ar ett enkelt utforande som ej kraver galvaniskt separerade matnings- 
kallor och strombegransande reaktanser och ej heller separata kortslutningsdon for 
slackning och av ledande tyristorer. Magnetiseringssystemet ar aven val lampat for 
5 synkronmaskiner av typen synkronkompensatorer. I denna uppfinning utnyttjas s3- 
lunda halvledarteknikens mojligheter till temporar polaritetsandring pa enkelt satt, 
vilket underiattar snabb kommutering av faltstrommen fran stromriktarbrygga till 
kortslutningskrets och vice versa vid behov av andrad stromriktning i maskinens 
faitkrets. 

10 

Kort beskrivning av ritningarna 

For att forklara uppfinningen narmare kommer nu sasom exempel valda 
utforingsformer av maskinen enligt uppfinningen att beskrivas mera i detalj med 
hanvisning till bifogde ritningar, pa vilka 
15 figur 1 visar den isolerade ledare som anvands i maskinen enligt uppfinningen, 
fig 2 visar ett schema over magnetiseringssystemet vid maskinen enligt 

uppfinningen, och 
fig. 3a-f visar spannings- och stromforlopp vid bryggvaxling vid 

magnetiseringssystemet i fig. 2. 

20 

Beskrivning av en foredragen utforingsform 

I figur 1 visas en tvarsnitt&vy av isolerad ledare 1 1 , avsedd att anvandas i 
lindningarna vid maskinen enligt foreliggande uppfinning. 

Den isolerade ledaren 1 1 innefattar salunda ett antal kardeler 35 med cir- 

25 kulart tvarsnitt av exempelvis koppar (Cu). Dessa kardeler 35 ar anordnade i mitten 
av den isolerade ledaren 1 1 . Runt kardelerna 35 ar anordnat ett forsta halvledande 
skikt 13. Runt det forsta halvledande skiktet 13 finns anordnat ett isolationsskikt 37, 
t.ex. PEX-isolation. Runt isolationsskiktet 37 finns anordnat ett andra halvledande 
skikt 15. Den isolerade ledaren ar bojlig och bibeh§ller denna egenskap under sin 

30 livslangd. Namnda tre skikt ar utforda sa att de vidhaftar varandra aven da den iso- 
lerade ledaren bdjs. Den isolerade ledaren har en diameter i intervallet 20 - 250 mm 
och en ledningsarea i intervallet 80 - 3000 mm 2 . 
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I figur 2 visas ett schema aver magnetiseringssystemet i maskinen enligt 
uppfinningen. Maskinens faltlindning 4, vilken kan vara stationar eller roterande Mr 
forbunden med tva antiparallellkopplade stromriktarbryggor 1 , 2. Over faltlindningen 
4 ar vidare ett dubbelriktat overspanningsskydd, innefattande tva antiparallellkopp- 
lade tyristorer 8, 10 med tillhorande tandkretsar 12, 14. 

Stromriktarbryggoma 1 ,2 matas fran en matningskalla, vid 16 och styrs fran 
en omkopplingslogik 18 via styrpulsferstarkare 20, 22. En styrpulsgenerator 28 for 
de sasom tyristorbryggor utformade stromriktarbryggoma 1 ,2 ar likaledes anordnad 
att avge styrpulser till pulsforstarkarna 20, 22. Matdon 24. 26 ar vidare anordnade 
att mata strommarna IFB1 respektive IFB2 fran stromriktarbryggoma 1 respektive 2 
och overfora matresultaten till omkopplingslogiken 18 for styrandamal. Aven inkopp- 
lingen av overspanningsskyddets tyristorer 8, 10 styrs fran omkopplingslogiken 18 
via tandkretsarna 12, 14. Overspanningsskyddet ar anslutet till ett strombegrans- 
ningsmotstand R. Vid systemet med faltbrytare tjanar detta motstind R som uriadd- 

15 ningsmotstand. 

Forfarandet vid bryggvaxling fran bryggan 1 till bryggan 2 ar foljande. I ut- 
gangslaget antas brygga 1 vara ledande, vilket innebar positiv str6mriktning IF ge- 
nom faltlindningen 4, jfr. fig. 3a och b. Styrsignalen U s t. se figur 2, till styrpulsgene- 
ratom 28 och omkopplingslogiken 18 blir negativ vilket innebar nedstyrning och dar- 

2 0 med polaritetsandring av bryggan 1 , jfr. fig 3a. Tidsintervallet for nedstyrningen, t 2 - 
U enligt figur 3b, fran maximalt positiv toppspanning till maximalt negativ toppspan- 
ning ar approximativt lika med 8,3 ms vid en frekvens av 50 Hz och 6-puls 2-vags- 
brygga. 

Vid tidpunkten t 3 , varvid stremmen Ifbi fortfarande ar storre an 0, ges dels 
2 5 tandpuls till urladdningstyristorn 1 0 och dels blockeringssignal till bryggan 1 Pa 
grund av fnhjulsverkan vid negativ utstyrning istadkoms en momentan overfdring 
av matningsstrommen Ifbi till fiverspanningsskyddskretsen och bryggan 1 blir 
stromlos. Vid signal for stromlos brygga 1 fran matdonet 24 initieras dels deblocke- 
ring av brygga 2 och dels blockering av tandkretsen 14 for tyristorn 10. Tidsinterval- 
30 let U - ts enligt figur 3, dvs. tiden fran blockering av bryggan 1 tills bryggan 2 inkopp- 
las ar approximativt lika med 5 ms, se figur 3. Av figur 3d framgar att strommen l F i 
faltkretsen 4 under detta vaxlingsintervall uppratthalls till foljd av faltlindningens 4 
induktans. Som framgar av figur 3d och e driver den uppstyrda bryggan 2 nu dels 
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en strom l R , se fig. 3f, genom tyristorn 10 och strombegransningsmotstandet R och 
dels en strom l F genom synkronmaskinens faltlindning 4. Vid tidpunkten t 5 har falt- 
stremmen l F andrat polaritet och urladdningstyristorn 10 slackts genom temporar 
nedstyrning av bryggan 2, dvs. temporar polaritetsandring for att driva en strom i 
kortslutningskretsens eller overspanningsskyddets backriktning. 

Genom lampliga val av stromnivaer for genererfng av blockering och detek- 
teringssignaler blir tidsintervallet for inkoppling av det som hjalpkrets tjanande dub- 
belriktade faitaverspanningsskyddet 8, 10, 12, 14 eller dubbelriktade tyristorurladd- 

ningskretsen kortvarig. 

Vaxling fran negativ stromriktning till positiv stromriktning vid positiv styr- 
signal sker pa motsvarande satt genom temporar inkoppling av tyristorn 8 i over- 
spanningsskyddet. 

Ovan har ett utfbringsexempel av den roterande elektriska maskinen enligt 
uppfinningen beskrivits men ett flertal modifikationer ar sjalvfallet tankbara inom 
uppfinningens ram. Salunda kan den beskrivna principen anvandas f6r saval stilla- 
staende som roterande tyristorbryggor for magnetisering av synkronmaskiner eller 
matning av motorer for drivsystem. Vidare kan temporar eller pulsad nedstyrning 
utnyttjas for aterstallning av ett aktiverat Gverspanningsskydd. En Overspannings- 
signal ger da i ett forsta skede signal f6r larm och aterstallning av skyddet. En kon- 
) tinuerlig felsignal efter ett antal aterstallningsforsak alstrar en utlosningssignal. 

Dessutom kan inforandet och anvandandet av slackbara halvledarelement 
ferkorta tidsintervallet f6r vaxling wellan positiv och negativ magnetisering eller vice 
versa. Inforandet av slackbara halvledarelement i det dubbelriktade overspannings- 
skyddet innebar att temporar teckenvandning av faltspanningen ej behovs for att 
5 slacka ett aktiverat och ledande halvledarelement. 
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PATENTKRAV 

1 . Roterande elektrisk maskin av vaxelstromstyp, avsedd att direkt anslutas till 
ett distributions- eller transmissionsnat och innefattande minst en elektrisk lindning, 

5 kannetecknad av att lindningen innefattar minst en elektrisk ledare, ett ledaren om- 
slutande fGrsta skikt med halvledande egenskaper, ett cfet fOrsta skiktet omslutande 
fast isolerande skikt och ett det isolerande skiktet omslutande andra skikt med halv- 
ledande egenskaper samt att ett borstlost, mellan positiv och negativ magnetisering 
vaxlingsbart magnetiseringssystem ar inrattat for maskinens magnetisering. 

10 

2. Maskin enligt krav 1 , kannetecknad av att potentialen pi det forsta skiktet 
ar vasentligen lika med potentialen pa ledaren. 

3. Maskin enligt krav 1 eller 2, kannetecknad av att det andra skiktet ar an- 
15 ordnat att bilda vasentligen en ekvipotentialyta, omgivande ledaren. 

4. Maskin enligt krav 3, kannetecknad av att det andra skiktet ar anslutet till 
en fflrutbestamd potential. 

20 5. Maskin enligt krav 4, kannetecknad av att namnda forutbestamda potential 
ar jordpotential. 

6. Maskin enligt nagot av foreg§ende krav, kannetecknad av att Stminstone 
tvS narbeiagna skikt hos maskinens lindning har vasentligen lika stora vSrmeutvidg- 

2 5 ningskoefflcienter. 

7. Maskin enligt n£got av foregaende krav, kannetecknad av att ledaren inne- 
fattar ett antal kardeler, av vilka atminstone nigra ar i elektrisk kontakt med varan- 
dra. 

30 8. Maskin enligt nigot av foregaende krav, kannetecknad av att vart och ett 
av namnda tre skikt Sr fast forbundet med narbeiagna skikt langs vasentligen hela 
anliggningsytan. 
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9. Maskin enligt nagot av foregaende krav, kannetecknad av att namnda skikt 
ar anordnade att vidhafta varandra aven da den isolerade ledaren bdjs. 

1 0. Maskin innefattande minst en elektrisk huvudmaskin av vaxelstromstyp, av- 
sedd att direkt anslutas till ett distributions- eller transmissionsnat och innefattande 
en magnetisk karna och minst en elektrisk lindning, kannetecknad av att lindningen 
ar bildad av en kabel innefattande en eller flera stromforande ledare. varvid varje 
ledare uppvisar ett antal kardeler, ett inre halvledande skikt anordnat runt varje le- 
dare, ett isolerande skikt av fast isolationsmaterial anordnat runt namnda inre halv- 
ledande skikt, och ett yttre halvledande skikt, anordnat runt det isolerande skiktet, 
samt att ett borstlost, mellan positiv och negativ magnetisering vaxlingsbart magne- 
tiseringssystem ar inrattat for maskinens magnetisering. 

1 1 . Maskin enligt krav 1 0, kannetecknad av att namnda kabel innefattar en 
5 metallskarm eller mantel. 

12. Maskin enligt nagot av foregaende krav, kannetecknad av att magnet.se- 
ringssystemet innefattar tva styrbara antiparallellkopplade stromriktaranordningar 
for matning av vaxelstrOmsmaskinens faltlindning (4), ett dubbelriktat faltoverspan- 

0 ningsskydd (8,10,12.14) eller urladdningskrets inkopplad Over faltlindningen samt 
styrutrustning f6r styrning av stromriktare och faltOverspanningsskydd eller urladd- 
ningskrets. v 

1 3. Maskin enligt krav 1 2, kannetecknad av att f6r vaxling av magnetstrom- 
5 riktningen fran magnetiseringssystemet ar styrutrustningen anordnad att andra 

polariteten pa strOmriktarna, varvid styrutrustningen styr overspanningsskyddet att 
temporart inkopplas vid Overgang fran den ena till den andra stromriktningen. 

14. Maskin enligt krav 12 eller 13, kannetecknad av att overspanningsskyddet 
30 eller urladdningskretsen innefattar en dubbelriktad tyristorurladdningskrets (8, 10). 



PCT/ SE 9 8 / 0 




29 -09- 1998 



10 



10 



15. Maskin enligt nagot av patentkraven 12-14, kannetecknad av att aktiverat 
averspanningsskydd eller urladdningskrets ar aterstallbar genom styrning av ledan- 
de stromriktaranordningar (1, 2) till temporar eller pulsformad polaritetsandring. 

16. Maskin enligt nagot av patentkraven 12-14, kannetecknad av att aktiverat 
overspanningsskydd eller urladdningskrets ar aterstallbar genom slackbara halvle- 
darelement. 

17. Elkraftanlaggning, kannetecknad av att den innefattar en roterande elek- 
trisk maskin enligt nagot av kraven 1-16. 

18. Forfarande fGr magnetisering av en roterande elektrisk maskin med saval 
positiv som negativ magnetiseringsstromriktning, kSnnetecknat av att ett dubbel- 
riktat overspanningsskydd (8,10,12,14) eller en dubbelriktad urladdningskrets in- 
kopplas temporart over maskinens faltlindning (4) vid vaxling mellan magnetise- 
ringsstromriktningarna. 
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SAMMANDRAG 



En roterande elektrisk maskin av vSxelstromstyp ar avsedd att direkt an- 
slutas till ett distributions- eller transmissions och innefattar minst en elektrisk 
.indning. Lindningen innefattar minst en elektrisk ledare, ett ledaren omslutande 
fersta skikt med halvledande egenskaper, ett det farsta skiktet omslutande fast 
isolerande skikt och ett det isolerande skiktet omslutande andra skikt med halv- 
ledande egenskaper. Ett borstlost, mellan positiv och negativ magnetisenng vax- 
lingsbart magnetiseringssystem ar vidare inrattat for maskinens magnetisenng. En 
e.kraftan.aggning innefattar en sadan roterande elektrisk maskin. Vid ett forfarande 
for magnetisering av en roterande elektrisk maskin med saval positiv som negat.v 
magnetiseringsstromriktning inkopplas ett dubbelriktat Sverspanningsskydd (8, 10, 
12 14) eller en dubbelriktad urladdningskrets temporart 6ver maskinens faltl.ndn.ng 



15 



(4). 



(Fig- 2) 




PCT/SE9 8 / O 174 1 



; /3 



12-11-1998 





Ust 




7- 




Exciting Voltage 



SUBSTBTUTE SHEET 





2 /3 



PCT/SE9 8 /O / 74 1 



12-11-1998 




r -3 



^Bridge 1 



oc=0° t<*= 150 



IFB1 A 



^Bridge 2 




Bridge 2 current carrying 



J 



SUBSTITUTE SHEET 



# 




3/3 



PCT/SE98 /O 17 4 1 



12-11-1998 




(contd.) 



c lFB1 t 



If 4 



^82 




~5-f0ms 



SU3STSTUTE SHEET 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 



PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 

H02K 19/26, 19736 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 99/17432 

8 April 1999 (08.04.99) 



(21) International Application Number: PCT/SE98/01741 

(22) International Filing Date: 29 September 1998 (29.09.98) 



(30) Priority Data: 

9703555-4 



30 September 1997 (30.09.97) SE 



(71) Applicant (for all designated States except US): ASEA 

BROWN BOVERI AB [SE/SE]; S-721 83 Vaster&s (SE). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SORENSEN, Erland 
[SE/SE]; Gudruns vag 32, S-723 55 VSsteras (SE). LEUON, 
Mats [SE/SE]; Hyvlargatan 5, S-723 35 Vasteras (SE). 

(74) Agent: HOPFGARTEN, Nils; L.A. Groth & Co. KB, P.O. Box 
6107, S-102 32 Stockholm (SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, CZ (Utility model), DE, DE 
(Utility model), DK, DK (Utility model), EE, ES, FI, FI 
(Utility model), GB, GE, GH, GM, HR, HU, ID, IL, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SK (Utility model), SL, TJ, TM, TR, TT, 
UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH, GM, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, 
GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

In English translation (filed in Swedish). 



(54) Title: A ROTARY ELECTRIC MACHINE 
(57) Abstract 



A rotary electric machine of alternat- 
ing current type designed to be connnected 
directly to a distribution or transmission net- 
work comprises at least one electric wind- 
ing. The winding comprises at least one 
electric conductor, a first layer with semi- 
conducting properties surrounding the con- 
ductor, a solid insulating layer surrounding 
the first layer and a second layer with semi- 
conducting properties surrounding the insu- 
lating layer. A brushless excitation system, 
switchable between positive and negative ex- 
citation, is also arranged for excitation of 
the machine. An electric power plant com- 
prises such a rotary electric machine. In 
a method of exciting a rotary electric ma- 
chine with both positive and negative ex- 
citation current direction, a two-way field 
over-voltage protection means (8, 10, 12, 
14) or a two-way discharge circuit is con- 
nected temporarily across the field winding 
(4) of the machine. 




Exciting Voltage 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

8B Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI Cdte d'lvoire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


ML 


Mali 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 


MX 


Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


YU 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


SD 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajikistan 

Turkmenistan 

Turkey 

Trinidad and Tobago 

Ukraine 

Uganda 

United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 



International application No, 

PCT/SE 98/01741 



Ac^ng io^ntcrnL?on^4t ent 0 ClassififaUon (I PC) or to both national classification and IPC 
B. I IELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H02K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data base co 



nsulted during the international search (name of data base and, where practicable, search terms used) 



WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



US 4785138 A (0. BREITENBACK ET AL.), 

15 November 1988 (15.11.88), see the whole 
document 



US 4121148 A (H. PLATZER), 17 October 1978 
(17.10.78), see the whole document 



US 4106069 A (J. TRAUTNER ET AL.), 8 August 1978 
(08.08.78), see the whole document 



Relevant to claim No. 



1-18 



1-18 



1-18 



DE 3009102 Al (PROIZVODSTVENNOE OBEDINENIE 

URALELEKTROTJASCHMASCH I MEN I V.I. LENINA) , 

25 Sept 1980 (25.09.80), see the whole document 



12-18 



Further documents are listed in the continuation of Box C. Q See patent family annex. 



* 

"A" 
"E" 

"O" 
"p" 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

erlicr document but published on or after the international filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



Date of the actual completion of the international search 



18 December 1998 

Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 86 



"T" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

"X" document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

"Y* document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

document member of the same patent family 

Date of mailing of the international search report 

A 3 -01- 1999 



Authorized officer 

Lars Jakobsson 

Telephone No. + 46 8 782 25 00 



Form PCT/lSA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



International application No. 

PCT/SE 98/01741 



Category : 



Citation of document, with indication, where appropriate, of the relevant passages 



US 5036165 A (R.K. ELTON ET AL.), 30 July 1991 
(30.07.91), see the whole document 



Relevant to claim No. 



1-18 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



International application No. 

PCT/SE 98/01741 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 4785138 A 



US 



4121148 A 



15/11/88 



DE 3543106 A,C 



17/10/78 



AT 340523 A,B 

DE 2714188 A.B.C 
FI 64871 B,C 
FI 771140 A 

FR 2349992 A,B 

GB 1541406 A 
NL 165615 B,C 

NL 7703629 A 
SE 423295 B,C 

SE 7704784 A 



11/06/87 



27/12/77 
17/11/77 
30/09/83 
28/10/77 
25/11/77 
28/02/79 
17/11/80 
31/10/77 
26/04/82 
28/10/77 



US 


4106069 


A 08/08/78 


AT 


265977 A 


15/11/79 








AT 


357216 B 


25/06/80 








BR 


7703213 A 


08/02/78 








CA 


1079349 A 


10/06/80 








CH 


615303 A 


15/01/80 








DE 


2622309 A.B.C 


24/11/77 








GB 


1542185 A 


14/03/79 








IN 


148531 A 


28/03/81 








JP 


1283918 C 


27/09/85 








JP 


52140812 A 


24/11/77 








JP 


60005155 B 


08/02/85 








SE 


430840 B,C 


12/12/83 








SE 


7705309 A 


20/11/77 


DE 


3009102 


Al 25/09/80 


CH 


653190 A,B 


13/12/85 


US 


5036165 


A 30/07/91 


US 


5066881 A 


19/11/91 








US 


5067046 A 


19/11/91 








CA 


1245270 A 


22/11/88 








US 


4853565 A 


01/08/89 



Form PCT/1SA/210 (patent family annex) (July 1992) 



